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Abstract: An epidemiological investigation was undertaken to determine the relationship be-
tween silicosis in hardrock miners in Ontario and cumulative exposure to silica (crystalline 
silica—α quartz) dust. This fi rst report describes the cohort, the method of classifying the ra-
diographs, and the identifi cation of a case of silicosis. 
Key words: pneumoconiosis, silica, quartz, respirable dust, konimeter, dose-response rela-
tionship
INTRODUCTION 
The objective of this investigation has been to examine the relationship between 
exposure to airborne dust and the development of silicosis in Ontario hardrock min-
ers. Such information is valuable for estimating the risks of silicosis associated with 
different concentrations of dust and can provide guidance concerning control levels in 
the mining industry. 
The overall approach of the research was to obtain estimates of cumulative dust 
exposure for each miner and to relate this to the radiological category of pneumoconi-
osis. The project was overseen by a joint committee with representation from the in-
dustry, the unions, the Workers’ Compensation Board, and the Ministry of Labour of 
the Government of Ontario. 
The justifi cation for the study is a result of the relative paucity of reliable data 
about exposure-response relationships in silicosis despite its preeminence as one of 
the diseases earliest recognized to be of occupational origin. Silicosis was probably 
the lung disease caused by dusty air at work referred to by Agricola in 1556 [Agric-
ola, 1950]. The opportunity to undertake an epidemiological study was provided by 
the information collected in the mining industry of Ontario during the last 50 years. 
These data are derived from three principal sources: 
1. Full-sized chest radiographs were taken annually on all miners after 1927. 
These fi lms were obtained from the Ministry of Labour chest clinics in the Ontario 
mining districts, and from the Government of Ontario archives. 
2. Dust measurements obtained by using konimeters were carried out in the 
mines, and many of these records have been preserved. Before 1959, konimeter mea-
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surements were obtained only when the Mines Accident Prevention Association of 
Ontario (MAPAO) was asked to conduct a mine dust survey or by mine personnel 
when a dust control problem was perceived. After 1959, mine dust concentrations, as 
measured by the mine ventilation engineers, were reported routinely, on a semiannu-
al basis, to the MAPAO. 
3. Employment records specifying mine, job, and start dates were available 
from the Workers’ (previously Workmen’s) Compensation Board (WCB) master fi le 
of miners. The fi le consisted of miners who had attended the WCB clinics for medical 
examinations and chest radiography, who were then employed in Ontario, and who 
fulfi lled the following criteria: a) 60 months or more of employment in jobs classifi ed 
as “dusty” (surface or underground, in Ontario or elsewhere); b) any miner with an x-
ray classifi ed as 4–9 on the Ontario scale (approximately equal to 0/1 or greater on 
the ILO scale); c) any uranium miner with more than 2 weeks of exposure. 
The master fi le contains the names of many thousands of miners since the clin-
ics were established in 1927 and is continually updated. The difference in inclusion 
criteria for the WCB master fi le is related to the minimum period of exposure which 
was felt to be important in the development of silicosis, when the fi le was fi rst estab-
lished. More recently, attention in the uranium mines was focused on lung cancer, and 
miners with more than 2 weeks of exposure were included. 
DEFINITION OF THE COHORT 
The basic source of information was the WCB master fi le. Since dust measure-
ments from the early years were sparse, only miners starting work after 1940 were se-
lected. To ensure an adequate duration of observation, no miners starting after 1959 
were included. Finally, it became evident that dust exposure information was avail-
able only in the larger gold and uranium mines possessing adequate record facilities. 
Twenty-one mines were found to possess adequate records and formed the focus of 
the study. Dust exposure data were not available prior to 1959 for the nickel/copper 
mines and these mines were excluded even though they employed large numbers of 
men. Miners in the cohort were followed up to the end of dust exposure or until De-
cember 31, 1982, whichever came fi rst. The fi nal cohort consisted of 2,109 miners 
fi rst exposed in mining between 1940 and 1959 who spent 80% or more of their total 
mining experience in the designated mines. 
The ages of the 2,109 men in the cohort and the duration of follow-up are shown 
in Table I. 
MORBIDITY ASCERTAINMENT 
Radiological Classifi cation-The Diagnosis of Silicosis 
All fi lms of the 2,109 men were assembled and classifi ed by fi ve readers. Prelim-
inary examination showed that the fi lms were of very variable quality. In such circum-
stances great inter- and intrareader variability can be anticipated [Fletcher and Oldham 
1949; Liddell, 1961; Wise and Oldham, 1963; Pearson et al., 1965; Reger and Morgan, 
1970; Reger et al., 19721, and this can make interpretation of the results extremely dif-
fi cult. For this reason the following strategy was developed to ensure that no case of 
early silicosis was missed and that the diagnosis was as accurate as possible: 
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Step I. The two most recent fi lms of each miner were examined independently 
by four readers. If there was any doubt by any reader that a fi lm was completely nor-
mal then all fi lms of that miner were selected for further evaluation. It was assumed 
that if the two most recent fi lms did not show evidence of silicosis then all preced-
ing fi lms must also have been free of silicosis. On clinical grounds this appears to be 
a reasonable assumption. (The fi lms of 62 men were available only on microfi lm. The 
last two fi lms of these men were read by only one reader [D.C.F.M.] and all were as-
sessed as normal.) 
Step II. Based on this initial screening, the fi lms of 650 miners required further 
scrutiny. In order to obtain information about the development of silicosis a novel ap-
proach was used. Each of fi ve readers separately classifi ed all six zones of the lung 
fi elds according to the prevalence and type of opacity by using the ILO [1980] stan-
dard reference fi lms. The fi lms were presented in random order, mixing the fi lms from 
different miners. When two or more readers classifi ed any one of the zones as 1/1 or 
greater for small opacities, all fi lms of that miner were selected for further evaluation. 
The fi lms of 48 miners were selected for the fi nal step. 
Of the 48 miners whose fi lms were selected for fi nal scrutiny, 32 were consid-
ered by one or more of the readers to have silicosis as defi ned above. In general, the 
ILO [1980] system of reference fi lms is validated for epidemiological purposes on 
groups of workers. Although the approach used in this paper is much closer to an in-
dividual clinical method, the results are interpreted in an epidemiological sense. 
Step III. All fi lms of these 48 miners were presented to each reader. The readers 
were asked to categorize the fi lms in the normal manner according to the ILO [1980] 
standard reference fi lms for small round opacities but with one restriction. By tak-
ing account of information provided by the opportunity to view all fi lms in known se-
quence from a single miner displayed on a series of viewing boxes at the same time, 
the reader was required to ensure a progression of radiological abnormality if present. 
The purpose of this maneuver was to enable as accurate a diagnostic evaluation 
of each miner as possible. Silicosis is a disease which is not thought to improve or re-
gress. However, the presence of poor-quality fi lms in a series may result in a situation 
in which regression appears to occur if the fi lms are presented in an independent ran-
domized fashion. Equally, it follows that a good-quality normal fi lm in a series cannot 
be preceded by fi lms showing true evidence of silicosis. 
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The increased ease of reading all fi lms of each miner in a single session was 
noteworthy. This effect was presumably an extension of the decreased variability not-
ed when pairs of fi lms are read side by side [Amandus et al., 19731. A comparison of 
the intra- and interreader variability in the different methods and the natural history of 
the development of silicosis will be presented in a further report. 
For the purposes of the analyses, it was considered that silicosis is character-
ized by the presence of small, round opacities. Irregular opacities may result either 
from occupational dust exposure or from other contaminants such as cigarette smoke, 
and their signifi cance will be evaluated at a later stage. The silicotic nodule is clas-
sically a lesion with relatively little dust content but with surrounding collagen such 
that it is visible as a round opacity on a radiograph [Parkes, 1982]. Some readers con-
sidered round opacities at the apex of the lungs in certain fi lms to be possibly the re-
sult of tuberculosis rather than of silicosis. Three readers were asked to identify such 
a clinical diagnosis in each case. However, there appeared to be little agreement be-
tween the readers, and it was decided to include all fi lms showing small, round opac-
ities in the analysis so that the effects of dust exposure would not be underestimat-
ed. It was therefore determined that a positive diagnosis of silicosis was established 
by each reader if the radiological category for small, round opacities (whether or not 
combined with irregular opacities) was 1/1 or greater. This defi nition does not assume 
that fi lms in all lower categories are normal. However, for risk estimation, the choice 
of end point is arbitrary. A 1/1 categorization indicates that the fi lm was defi nitely as-
sessed as abnormal and was not seriously considered by the reader to be normal [Lid-
dell, 1963]. On the other hand, this represents an early stage of disease which is not 
associated with physiological abnormality [Irwig and Rocks, 19781 and may present 
an appropriate point at which to advise against further exposure for that miner. 
Because of the well-recognized differences in classifi cation levels between read-
ers, the numbers of silicotic cases identifi ed by each reader were not identical. More-
over, even in cases where all readers agreed that silicosis developed eventually, there 
was no unanimity concerning the fi rst fi lm at which the 1/1 category was reached. In 
the present study, no attempt was made to “average” the fi ve readings of each fi lm. In-
stead, the analyses of exposure/response were determined for each reader separately. 
DUST EXPOSURE ASCERTAINMENT 
For each miner in the cohort a record of cumulative exposure to respirable sil-
ica was prepared. This was accomplished by compiling a detailed work history and 
by associating this with estimates of dust exposure. Since the airborne dust measure-
ments had been obtained by means of a konimeter, an extensive side-by-side compar-
ison of the konimeter and gravimetric sampling was undertaken. This was necessary 
in order to convert the konimeter data to equivalent gravimetric silica estimates. The 
undertaking constituted a major part of the whole investigation and is described in 
part II [Verma et al., 1989] of this series. 
DISCUSSION 
The cohort selected for this study does not constitute a reliable base for estimat-
ing the burden of silicosis affecting miners starting work in Ontario between 1940 and 
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1959 nor of the dust conditions to which they were exposed. Those working in small 
mines were excluded, and it may be that environmental conditions in such mines 
were different from those in the larger ones. However, this exclusion does not pro-
vide a source of bias affecting the overall relationship between silicosis and dust ex-
posure. The inclusion of miners working in the nickel/copper mines would have been 
desirable. This is because the fractional content of silica in the respirable dust in these 
mines is signifi cantly lower than in the gold or uranium mines. There is evidence (in 
the coal-mining industry) that the fractional concentration of silica in the airborne 
dust is a factor governing the probability of developing pneumoconiosis in addition to 
the absolute silica concentration [Walton et al., 1977]. However, as noted above, ex-
posure records had not been preserved in these mines. 
In the study, the radiographs of miners in the cohort were examined to detect the 
onset of silicosis. Routine radiographs were generally taken only as long as the miner 
worked in Ontario; therefore, to be included as a case in the study, the miner had to de-
velop silicosis while employed at a mine in Ontario. It is evident that this could bias the 
results in that silicosis might have appeared after the miner had left the industry even in 
the absence of further dust exposure. A radiological survey of retired miners would be 
necessary to determine this. This is an important point because many of the miners had 
inhaled fi nely divided aluminum dust prior to underground work, since this was thought 
to be a prophylactic measure. The practice was subsequently abandoned in view of the 
lack of evidence of benefi t in human populations and its obvious ethical issues. There 
are strong reasons for suggesting a follow-up investigation, despite the administrative 
diffi culties. We need to know whether cessation of aluminum therapy could have led to 
the unmasking of silicotic lesions after the miners left the industry. 
It is possible that some miners whose radiography showed the very earliest ab-
normalities due to dust exposure might, on medical advice, have chosen to leave the 
industry. This was given in privacy by a number of physicians, and it is no longer 
possible to identify the reasons why individual miners sought alternative work. 
In some instances there was a gap or missing fi lm in the series. For example, a 
given radiograph might be read as 1/0 and the next available fi lm taken some time lat-
er be rated 1/2. In these circumstances it was not possible to identify the exact date at 
which a miner’s radiograph might have reached the 1/1 boundary point. The date of the 
x-ray fi rst rated 1/1 or worse was chosen as the reference point. In general, of course, 
this will be later than the “true” date at which the disease developed. This, in turn, will 
lead to a slight overestimate of the dust level required to produce disease at the 1/1 lev-
el (and conversely an underestimate of the risks of various levels of exposure). 
The purpose of the radiological protocol described above was to develop an effi -
cient system for the accurate identifi cation of category 1/1 silicosis in a small number 
of subjects from within a large pool of fi lms. A total of about 17,000 radiographs was 
available, and the possibility of independent randomized assessment of each fi lm by 
each of the fi ve readers was rejected after an initial examination demonstrated wide 
variations of fi lm quality. The radiographs had been taken by many different radiog-
raphers and had been in storage for up to 40 years. Although the identifi cation of ad-
vanced silicosis presents little diffi culty, it is less easy to distinguish early changes 
from artifacts caused by poor radiographic technique or by the presence of tuberculo-
sis which was fairly prevalent in the early years of the industry. 
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As may be expected, there was disagreement between observers as to wheth-
er opacities in some instances should be classifi ed as round or irregular. Even when 
all observers agreed on the type of opacity, there was no overall agreement on the cat-
egory. The task of reading was greatly facilitated by the method of viewing all fi lms 
from a single miner displayed at the same time. The additional confi dence and ease of 
categorizing a single fi lm in a given category was noted by all readers and the method 
appears to have real advantages. 
Various approaches have been used to deal with the problem of variability be-
tween readers. These include averaging techniques or consensus reading. In the pres-
ent study, each reader was required to identify pneumoconiosis (if present) and the 
1/1 level (if reached). In these circumstances exposure/response estimates, and sub-
sequently, pooled risk estimates, were obtained for each reader separately. Risk esti-
mates for consensus reading, from one to all reader agreement, were also determined. 
The methodology is described in report III of this series [Muir et al., 1989]. 
The characterization of silicosis by the presence of round opacities, whether or 
not associated with irregular opacities, is consistent with the pathological description 
of the silicotic nodules [Parkes, 1982]. The miners in the study were exposed to other 
pollutants including cigarette smoke, diesel fumes, and a wide range of silicotic rock 
compounds. The relationship of the irregular opacities to dust exposure will be inves-
tigated in a subsequent report. 
SUMMARY 
The methodology of an epidemiological investigation of the relationship be-
tween cumulative exposure to airborne silica and the probability of developing sili-
cosis is described. Full-sized chest radiographs were categorized on the ILO [1980] 
scale by fi ve readers working independently. The fi lms were fi rst screened to identi-
fy a group of miners including all those with possible silicosis, whose fi lms were then 
subjected to more detailed scrutiny. All fi lms from these miners were read in a sin-
gle series with all fi lms from a single miner visible at the same time. Pneumoconiosis 
was identifi ed as the presence of small, round opacities of profusion 1/1 or greater. 
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